Stress and alcohol abuse are co-related. Acute alcohol is anxiolytic and stress is cited as a factor in relapse to alcohol use. A primary mediator of the stress response is the neuropeptide corticotropin-releasing factor (CRF). The CRF family of endogenous ligands includes urocortin 3 (Ucn 3), which binds selectively to the CRF type 2 receptor and has been implicated in ethanol consumption in dependent and withdrawing rats. The objective of this study was to examine the effect of Ucn 3, delivered centrally to nondependent mice, on limited-access ethanol consumption. Adult C57BL/6J mice were trained to self-administer 10% ethanol during daily, 2-h limited-access sessions, using lickometers to assess drinking patterns for both ethanol and water. Sterile saline or 0.3, 1, or 3 nmol of Ucn 3 was microinjected into the lateral ventricle immediately before the limited-access session in a within-subjects design. There was a significant decrease in ethanol (both ml and g/kg), but not water, intake following Ucn 3 treatment, explained by a change in size of the largest lick run. Food intake at both 2 h and 24 h after injection was statistically unaffected by Ucn 3 administration. These results establish a role for CRF type 2 receptors in a nondependent mouse model of ethanol self-administration. Behavioural Pharmacology
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Introduction
Studies in rodents and humans have noted that alcohol use is sometimes motivated by relief of stress and anxiety (Pohorecky, 1990; Sillaber and Henniger, 2004) . Acute alcohol use, as well as chronic use that results in neuroadaptation and dependence, cause activation and ultimately disruption of the hypothalamic-pituitary-adrenal axis (HPA axis) (Kiefer and Wiedemann, 2004; Richardson et al., 2008) . The proper functioning of the HPA axis is important for adequately responding to stressors. A key mediator of the HPA axis response to a stressor is the corticotropin-releasing factor (CRF) family of peptides and receptors. Agonist activity at CRF type 1 receptors (CRF 1 R) is associated with increased anxiety, and antagonism or deletion of CRF 1 R is associated with reduced anxiety (Koob and Thatcher-Britton, 1985; Smith et al., 1998; Timpl et al., 1998; Koob and Heinrichs, 1999; Coste et al., 2001; Zorrilla et al., 2002) . CRF 1 R are widely distributed in the brain, but most notably in the amygdala, cortex, cerebellum, hippocampus, and medial septum, as well as in the pituitary (Potter et al., 1994; Chalmers et al., 1995; Van Pett et al., 2000) . In contrast, CRF type 2 receptors (CRF 2 R) are found in fewer areas including the amygdala, bed nucleus of the stria terminalis, dorsal raphe nucleus, hypothalamus, and lateral septum Van Pett et al., 2000; Li et al., 2002) . Agonist activity at these receptors is associated with anxiolytic effects, and it is hypothesized that CRF 2 R may also modulate the stress-coping response (Coste et al., 2001; De Kloet, 2004; Jamieson et al., 2006) . In addition, CRF 2 R agonists decrease feeding in rats (Inoue et al., 2003; Fekete et al., 2007) .
Several studies have examined CRF receptors, nonselectively, for their role in alcohol self-administration in both dependent and nondependent rodents (Funk et al., 2006; Weitemier and Ryabinin, 2006; Finn et al., 2007; Ryabinin et al., 2008) . Others have used methods that selectively target one of the CRF receptor subtypes in their examinations of ethanol-related behaviors. However, relatively few studies have focused on the role of CRF 2 R, for which another naturally occurring family of peptides, the urocortin (Ucn) family, has high affinity. Although Ucn and CRF bind to both CRF 1 and CRF 2 receptors, Ucn2 and Ucn3 virtually selectively bind to CRF 2 R Reyes et al., 2001) . CRF 2 R has been implicated in ethanol administration (Valdez et al., 2004; Sharpe et al., 2005a; Funk and Koob, 2007) , but has no known role in other ethanol-associated behaviors such as sedation, conditioned taste aversion, or hypothermia (Sharpe et al., 2005a) . Rats made dependent on ethanol show increased anxiety and operant ethanol self-administration during early stages of withdrawal, an effect that is attenuated by administration of the CRF 2 R agonist Ucn 3 into the lateral ventricle or central nucleus of the amygdala (Valdez et al., 2004; Funk and Koob, 2007) . The role of CRF 2 R in nondependent or withdrawing rodents is less clear, with studies reporting no effect of CRF 2 R agonist activity on ethanol drinking (intracerebroventricular Ucn 3 administration, Valdez et al., 2004) , an increase in ethanol intake (intra-amygdalar Ucn 3 at highest dose tested, Funk and Koob, 2007) , or a modest increase in ethanol self-administration in CRF 2 R null mice (Sharpe et al., 2005a) .
Previous studies have established that activity at CRF 2 R is involved in regulation of feeding and ingestive behaviors, and that these receptors are located in areas of the brain that are associated with self-administration of drugs of abuse, including alcohol. It is possible that the discrepancy in the role of CRF 2 R regulation of ethanol intake in nondependent rodent models is due to species differences between mice and rats, developmental compensation in the genetic knockout model, differences associated with operant versus nonoperant drinking models, or other potential dissimilarities between the studies. The objective of the study presented herein, was to determine the effect of centrally administered Ucn 3 on ethanol self-administration in mice, in a two-bottle limited-access ethanol drinking procedure, with regard to both pattern and amount of intake. Based on the increased ethanol consumption seen in CRF 2 R knockout mice, we hypothesized that Ucn 3 microinjected into the lateral ventricle would decrease ethanol intake. This could occur through a change in number of runs of ethanol drinking or run duration.
Methods

Subjects
Male, adult (age 123-129 days at 1st microinjection) C57BL/6J (B6) mice (n = 10; bred in house at the VA Medical Center from breeding stock obtained from The Jackson Laboratory, Bar Harbor, Maine, USA) were individually housed in clear acrylic chambers (4 00 wide Â 6.5 00 long Â 5 00 high) with a metal grid floor. The vivarium was kept on a 12 h light/dark cycle with lights off from 09.00 to 21.00 h. Mice had ad libitum access to food (Purina Rodent Chow, 5001; Animal Specialties Inc., Hubbard, Oregon, USA) and water throughout the study except as noted. Water and ethanol were available through inverted conical tubes fitted with a stopper and bent metal sipper tube inserted through one of two holes on the front of the home cage. Licking was measured through lickometers attached to both metal sipper tubes, and patterns of licking were monitored and recorded by a personal computer equipped with Med-PC software (Med-Associates, St. Albans, Vermont, USA).
Procedure
Limited-access sessions were conducted beginning 2 h into the dark portion of the light cycle. This procedure produces high levels of ethanol intake and ataxia in the B6 mouse strain (Sharpe et al., 2005b) . Immediately before the limited-access session, the water bottle was removed from the home cage, and mice were weighed and then returned to the home cage. The appropriate preweighed bottles were then placed on the home cage. To initiate ethanol drinking during the limited-access session, initially mice were given access to only a 10% ethanol tube. No water was available during these 2-h periods, but water was freely available for the remaining 22 h of the day. After eight sessions with only ethanol available, both water and 10% ethanol containing tubes were placed on the cage front during the limited-access session and mice were free to drink from either bottle. After the 2-h session, the bottle or bottles were removed and reweighed to determine how much fluid the mouse had consumed. A water bottle was then returned to the cage for the remainder of the day. Six days into the twobottle choice phase, mice underwent surgery to place a cannula for injection of Ucn 3 into the lateral ventricle. Mice were anesthetized by inhalation of isofluorane and placed in a sterotaxic apparatus (SAS75 Stereotaxic Alignment System, Cartesian Research, Inc., Sandy, Oregon, USA). Anesthesia was maintained during surgery by isoflurane and oxygen delivered through the stereotaxic nose cone. A 26 gauge, 10-mm stainless steel cannula (Small Parts Inc., Miami Lakes, Florida, USA) was placed -1.2 mm medial/lateral and -0.46 mm anterior/posterior relative to bregma, and 1.85 mm below the skull. Durelon (carboxylate cement from 3M ESPE, St. Paul, Minnesota, USA) was used to fix the cannula and anchor screws to the skull. All cannulae were fitted with a stylet (33 gauge wire, 9 mm long, Small Parts Inc.) to prevent clogging and entry of materials that could result in infection. Mice were allowed 10 days to recover from surgery before daily limited-access sessions were resumed. Two-bottle choice sessions were identical to those before surgery, except that after the mice were weighed, they were lightly restrained by the experimenter and the stylet was removed and replaced each day before being returned to the home cage. This process acclimated the mice to being handled for microinjections. After 18 sessions postsurgery that allowed drinking levels to normalize, the microinjection portion of the study began. At the usual time for the daily limited-access session, mice were weighed, lightly restrained, the stylet was removed, and an 11-mm injector (33 gauge stainless steel tubing, Small Parts Inc.) was inserted into the cannula. Once the injector was inserted, the mouse was allowed to freely move about in the experimenter's hand while a pump (Harvard Apparatus, Holliston, Massachusetts, USA) injected the solution (either vehicle or Ucn 3) over a period of 1 min. The injector was left in place for 1 min after the injection to allow the solution to disperse away from the site of injection. All mice received a 1 ml injection of sterile saline, followed by one injection of each dose of Ucn 3 (0.3, 1, and 3 nmol) given in a pseudorandomized order, followed at the end of the study by a 2 ml sterile saline injection in all mice. Owing to solubility concerns, the highest dose of Ucn 3 (3 nmol) was diluted in 2 ml saline, whereas the two lowest doses were given in 1 ml saline. To ensure that the volume of the injection did not affect behavior, the saline injections were given at both volumes. Sham injections, where the pump did not contact the syringe and thus no liquid was delivered, were conducted for three sessions before the first vehicle injection and on all days between subsequent injections. At least two sessions were conducted between vehicle or Ucn 3 injections to allow behavior to return to baseline before the next injection. Food consumption was monitored during the limited-access session and 24-h intake by weighing the food before and after the limitedaccess session each day. Mice were euthanized and immediately injected (intracerebroventricular) with 1 ml India ink through an 11-mm injector. Brains were then removed, postfixed, cut, and examined to confirm correct cannula placement.
Drugs
Ethanol solutions (v/v) were prepared by diluting 95% ethanol (Pharmco, Shelbyville, Kentucky, USA) in tap water. Ucn 3 (Phoenix Pharmaceuticals, Burlingame, California, USA) was reconstituted in sterile saline (0.3 and 1 nmol Ucn 3 per 1 ml saline or 3 nmol Ucn 3 per 2 ml saline) immediately before each session and kept on ice until used.
Statistics
To assess possible changes in behavior over the length of the study or due to volume injected, a paired t-test was used to compare the dependent variables collected after the two vehicle injections. Data were analyzed through linear regression analysis with dose (0, 0.3, 1, and 3) as the predictor variable. Ethanol data were expressed in g/kg for consumption and as the ratio of ml consumed from the ethanol tube to ml consumed from both tubes for preference. For the lick analysis, a 'run' of licking was defined as at least 25 licks with no more than 300 s between consecutive licks (Gannon et al., 1992) . Other lick measures are self-explanatory.
Results
During the 2 days before microinjections, when mice were sham injected, the average ethanol intake was 2.85 ± 0.27 g/kg, with a preference ratio for ethanol of 0.87 ± 0.03. There were no significant differences between the two vehicle injections for intake, preference, or any other dependent variable. This indicated that microinjection volume (1.0 vs. 2.0 ml) had no significant impact and that there was no significant drift in baseline response to vehicle over the term of the study. Thus, vehicle injection data were averaged to create a single vehicle value for subsequent data analysis.
Injection of Ucn 3 dose-dependently decreased the volume of ethanol consumed when expressed in ml [ Fig. 1; F(1,38) = 5.1, P < 0.05] or normalized to the weight of the mice [g/kg; Fig. 2a ; F(1,38) = 5.3, P < 0.05]. Ucn 3 did not significantly affect water intake ( Fig. 1; NS) or ethanol preference ratio (Table 1 ; NS). However, Ucn 3 did decrease the size of the largest run of licking for ethanol during the 2-h limited-access session [ Fig. 2b; F(1,38) = 6.5, P < 0.02]. No other variable reflecting pattern of drinking was significantly affected by Ucn 3 (Table 1) , nor did the amount of food consumed change significantly with dose of Ucn 3 during the 2-h session or in the 24 h following the injection (Table 1 ).
Discussion
The findings presented here suggest that the CRF 2 R is involved in regulation of ethanol intake when ethanol is offered during limited periods of time. Taken with our previous demonstration of an increase in limited-access ethanol intake in CRF 2 R deficient mice (Sharpe et al., 2005a) , these data suggest that CRF 2 R activation may decrease ethanol intake. These results also confirm, through pharmacology in nongenetically altered mice, that developmental compensation in the CRF 2 R null mice was not responsible for our previously published effects (Sharpe et al., 2005a) . Analysis of the pattern of ethanol consumption using lickometers showed a decrease in the size of the largest run of ethanol drinking, whereas other parameters were not significantly changed by Ucn 3 administration. Thus, it is not clear from these results whether Ucn 3 specifically affects the satiety, initiation, or maintenance of ethanol drinking. Subsequent studies using operant self-administration techniques, combined with appetitive versus consummatory models (e.g. Samson et al., 1998; Samson and Czachowski, 2003) , could provide more insight into the role of CRF 2 R.
Ethanol and food ingestion were both measured in this study because both processes are regulated by many of the same neurotransmitters, peptides, and neural circuits.
Owing to the length of the alcohol limited-access session, food intake was measured at 2 and 24 h postinjection. We observed no significant change in food intake in nonfood deprived mice in the 2 h following Ucn 3 injection. This is consistent with previously published reports suggesting that central administration of Ucn 3 decreases food intake in nonfood deprived rats after a minimum 2-h delay (Ohata and Shibasaki, 2004; Fekete et al., 2007) . Although there was no significant change in food intake during the limited-access session, there was a significant decrease in ethanol intake during this same time, suggesting that the effect of CRF 2 R on ethanol intake may be differentially regulated from that seen with food. In addition to a decrease in food intake following Ucn 3, Ohata and Shibasaki (2004) also observed a significant decrease in locomotor activity in mice injected intracerebroventricularly with Ucn 3. Locomotor activity was not measured in the studies presented here, thus we cannot rule out the possibility that a general decrease in locomotor activity contributed to the decrease in ethanol intake. However, there was no significant difference in the rate of licking in the first ethanol drinking run, or in the 2-h food intake following Ucn 3 injection in our study, suggesting that any effect of Ucn 3 on locomotor behavior that could have affected consumptive behavior was minor.
Although there was no significant change in the amount of food consumed during the limited-access session, the pattern of food consumption was not monitored. Thus, it is not possible to determine whether the pattern of food consumption changed or whether the interactions between feeding and drinking changed following Ucn 3 injection. Recently, a drinking-implicit method of meal patterning has been used by Zorrilla et al. (2005) that includes both eating and drinking events in determining the definition of a meal, as eating and drinking behaviors are often intertwined. A drinking-inclusive analysis of ingestive behavior for food, ethanol, and water during the 2-h ethanol limited-access procedure may have yielded more detailed information on the effect of Ucn 3 on both ethanol consumption and feeding. A visual analysis of the cumulative records suggests a possible interaction of feeding and drinking after Ucn 3 injection, specifically a trend towards longer times between drinking runs after Ucn 3 injection (data not shown). This increase in interrun interval after Ucn 3 could reflect a decrease in feeding between runs, resulting in longer pauses between runs of drinking. As only drinking (but not eating) behavior was monitored on a constant basis during the limited-access session in this study, the effect of Ucn 3 on ethanol drinking pattern is difficult to determine due to the normal interplay between eating and drinking in meals.
These results extend, to nondependent mice, the previous finding that Ucn 3 decreases ethanol selfadministration in dependent and withdrawing rats (Valdez et al., 2004) . Dependent and withdrawing mice were not tested in this study, thus no comparisons between rodent species can be made. In contrast to the current results, Valdez et al. (2004) did not see a significant effect of Ucn 3 in nondependent and nonwithdrawing rats. This may be explained by the considerable differences in the procedures used for the two studies. The design of the Valdez study, with regard specifically to the nondependent control group, included a break, during which ethanol self-administration was not available and rats were not placed into the operant chambers. Rats were initially trained to self-administer ethanol in daily sessions, followed by 21 days without exposure to ethanol, during which time they consumed a palatable liquid diet containing sucrose. It is possible that use of this procedure, with prolonged periods without ethanol or operant chamber exposure, may have unintentionally affected the self-administration behavior of these animals. For example, there could have been loss of training to the operant task. In fact, examination of ethanol versus water responding shows that there was little or no preference for ethanol in this control group, following the abstinent period. In addition, ethanol selfadministration may have been altered due to the daily exposure to a highly palatable, sucrose-containing, liquid diet available in the home cage. In the current study, mice self-administered ethanol in continuous, uninterrupted daily sessions before all Ucn 3 treatments. An advantage of this procedure (with no breaks in selfadministration) is that the consistent treatment produced subjects with very stable day-to-day self-administration and maintained a high ethanol-preference (Table 1 , ethanol preference ratio) despite the Ucn 3-induced decrease in ethanol intake. This stable ethanol-drinking baseline was sensitive to changes in intake, which may not have been possible with a more complicated, variable experimental design. Finally, the differences between the results of the two studies could also be explained by the use of operant self-administration by Valdez et al. (2004) , as opposed to the nonoperant, home cage self-administration presented here. Owing to the significant differences in procedure between the two studies, it is not possible to conclude whether there is a differential effect of Ucn 3 on ethanol drinking between mice and rats.
The results of this study establish a role for CRF 2 R in a nondependent mouse model of ethanol self-administration. Although much of the focus in the alcohol field has been on CRF and activity at CRF 1 R, results from this study and others suggest that CRF 2 R may also regulate ethanol self-administration in both dependent and nondependent animals. This effect may be mediated by the hypothalamus, which is involved in regulation of ingestive processes, or limbic areas such as the amygdala or bed nucleus of the stria terminalis that are hypothesized to regulate drug reward and use. Future work using microinjections could elucidate the specific region or regions of the brain where CRF 2 R regulate ethanol intake, and perhaps determine whether chronic drug use has an effect on endogenous levels of Ucn 3 or CRF 2 R.
